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Specification 

Title of the Invention 

[0001] ^ Progressive Power Lens 

Background of the Invention 

[0002] The present invention relates to a progressive 
power lens used for correction of presbyopia. 
[0003] The progressive power lenses for correction of 
presbyopia are developed and widely used. When the 
progressive power lens is designed and evaluated, the 
progressive power lens is often considered to have three 
portions: a distance portion for distance vision, a middle 
portion for middle vision and a near portion for near 
vision. Since refractive power within the middle portion 
changes continuously, the middle portion is referred to as 
a progressive area. 

[0004] In general, clear definitions concerning object 
distances for the above three portions are not given. 
Therefore, in this specification, the term w distance 
portion" means a portion of a lens (i.e., a portion in a 
field of view of the lens) for viewing objects at 
relatively long distances, the term "near portion" means a 
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portion of the lens for viewing objects at relatively short 
distances , and the term "middle portion" means a portion of 
the lens for viewing objects at middle distances between 
the relatively long distances and the relatively short 
distances . 

[0005] In general, points on the lens for measuring 
vertex diopter within the distance portion and the near 
portion are referred to as a distance reference point and a 
near reference point, respectively. Although the distance 
reference point and the near reference point are often 
schematically illustrated as an area having a circular form 
or an elliptical form, in this specification, the distance 
reference point and the near reference point are considered 
as a center point of the circular area or the elliptical 
area. 

[0006] Further, in this specif ication , a collection of 
points of intersection of a line of sight and a surface of 
the lens when a wearer (a person wearing spectacles) moves 
his/her eyes vertically is referred to as main meridian. 
The main meridian is a curved line passing through the 
distance reference point and the near reference point. 
[0007] Since, in a case where objects at short distances 
are observed, a pupillary distance becomes shorter in 
comparison with a case where objects at long distances are 
observed, the progressive power lens is designed such that 
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aberration distribution is bilaterally asymmetrical and the 
main meridian is shifted to a nose side from a center 
section through a lower area of the lens with respect to a 
reference line. The tern "reference line" means a line 
extending in a vertical direction and passing through a 
center of the distance portion. In this specification, 
"upper", "lower", "horizontal", "vertical", and etc. 
represent directions with reference to a situation where 
the lens is wore by the wearer. 

[0008] It is almost impossible to widen a clear vision 
area from the distance portion through the near portion. In 
this specification, the term "clear vision area" means an 
area through which the wearer can view objects without 
feeling distortion or blurring of an image. In many cases, 
the clear vision area is defined as an area in which 
transmission astigmatism is less than 0.5 or less than 1.0 
[D: Diopter]. 

[0009] In general, a width of the clear vision area in 
the middle portion tends to be narrower in comparison with 
widths of the clear vision areas in the distance portion 
and the near portion. For this reason, the progressive 
power lenses are generally categorized into several groups 
depending on which portion of the lens has the maximum 
clear vision area. 

[0010] A lens configured to have the largest possible 
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clear vision areas both in the distance portion and the 
near portion and to have the middle portion with narrow 
clear vision area is referred to as a general -purpose 
progressive power lens. A progressive power lens for 
long/short distances belongs to the general-purpose 
progressive power lens. 

[0011] With regard to the general-purpose progressive 
power lens, there is a problem that the wearer feels a so- 
called swinging of images due to distortion of an image 
which is caused by aberration in the middle portion and in 
particular in side areas within the middle portion when the 
wearer moves his/her line of sight relatively fast by 
shaking his/her head vertically or horizontally. The 
swinging of images causes uncomfortable feelings to the 
wearer. To solve this problem, it is required to keep 
astigmatism at a low level on the periphery of the middle 
portion. 

[0012] For this reason, a progressive power lens for 
middle /short distances having larger clear vision area in 
the middle portion than that of the general-purpose 
progressive power lens has been proposed. The progressive 
power lens for middle/short distances is configured such 
that a rate of change in refractive power in a vertical 
direction within the middle portion is kept low by 
enlarging upward the size of the progressive area (i.e., 
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the middle portion). Consequently, aberration in the side 
areas of the middle portion is reduced. Also, the 
progressive power lens for middle/ short distances is 
configured to make the width of the clear vision area in 
the middle portion wider. 

[0013] Although the above design of the progressive 
power lens for middle/short distances sacrifices a size of 
the clear vision area in the distance portion, the swinging 
of images can be suppressed and therefore the progressive 
power lens exhibits outstanding performance for indoor use 
in which the progressive power lens is mainly used for 
middle vision and near vision. 

[0014] A progressive power lens for short distance has 
also been proposed. The progressive power lens for short 
distance is designed such that the clear vision area in a 
lower side within the middle portion and in the near 
portion becomes wider by narrowing the clear vision area in 
the distance portion and in an upper area within the middle 
portion. With this configuration, outstanding optical 
performance for work where the wearer is required to view 
objects at short distances is attained. It should be noted 
that, in the case of the progressive lens for short 
distance, the distance portion of the lens is a portion 
through which objects at relatively long distance (i.e., at 
distance of 1 through 2 meter) are viewed. 
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[00X5] Points of interest of conventional lens design 
and evaluation of the progressive power lens were optical 
performance concerning a progressive power surface 
(hereafter, referred to as surface performance). That is, a 
dioptric power error and astigmatism each of which 
indicates the optical performance of a lens surface are 
calculated according to a difference between maximum 
principal curvature and minimum principal curvature of the 
progressive power surface and average values of the maximum 
principal curvature and the minimum principal curvature. 
[0016] In addition, categorization of progressive power 
lenses (i.e., to categorize progressive power lenses as the 
lens for long/short distances, the lens for middle/short 
distances or the lens for short distance) was made 
according to aberration distribution of a lens surface. 
[0017] However, optical performance of a spectacle lens 
should be evaluated by analyzing light beams passing 
through various points on the spectacle lens because the 
wearer feels the spectacle lens suitable if the optical 
performance evaluated by the light beams passing through 
the points on the spectacle lens is excellent . In this 
specification, the optical performance evaluated based on 
the light beams passing through the points on the spectacle 
lens is referred to as transmission performance. 
[0018] It should be noted that the transmission 
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performance differs from the surface performance and the 
difference between the transmission performance and the 
surface performance becomes greater particularly within 
peripheral regions of the lens. In Japanese Provisional 
Publication No. HEI11- 125580 previously filed by the 
assignee of the present invention, the transmission 
performance and the evaluation method thereof are discussed 
in detail. 

[0019] Meanwhile, the spectacle lens is required to have 
aesthetic appearance in a condition where the spectacles 
are worn by the wearer. In general, a thin spectacle lens 
is desired in terms of aesthetics and manuf acturability . 
Further, since the spectacles are consists of a pair of 
lenses and a spectacle frame, the aesthetic appearance of 
the spectacle iens should be evaluated considering a 
balance between right and left lenses. 

[0020] In this point of view, front surfaces (object 
side surfaces) of the right lens and the left lens are 
equal to each other and rear surfaces (eye side surfaces) 
of the right lens and the left lens are equal to each other 
when refractive power required of the right and left lenses 
are the same. 

[0021] On the contrary, when a difference between the 
refractive power required of the right lens and the left 
lens is relatively great, if the right and left lenses are 
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individually designed, forms of the light and left lens 
becomes different from each other. In this case, the 
balance between the right and left lenses is lost and 
therefore aesthetic appearance of the spectacles is damaged. 
Therefore, to provide spectacles having aesthetic 
appearance, it is preferable that outer surfaces of the 
right and left lenses cure equal to each other. 
[0022] However, if the right and left lenses are 
designed considering only forms of the lenses so that base 
curves of the right and left lenses are matched with each 
other, aberration increases because in general a form of 
the lens which minimizes aberration with reference to 
required refractive power is limited. Consequently , optical 
performance deteriorates . Therefore, it is required to 
design spectacle lens considering a balance between a form 
of the lens and optical performance of the lens. Thus, 
conventionally, only a single kind of lens having a certain 
base curve with reference to a certain refractive power has 
been designed. 

[0023] At this point of view, three kind of progressive 
power lenses and a manufacturing method are proposed in 
Japanese Provisional Publications No. HEI9-90291 (document 
1), 2001-318344 (document 2), 2001-318345 (document 3) and 
2002-122824 (document 4). 

[0024] The progressive power lens disclosed in the 
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document 1 is designed by cut -and- try methods to achieve 
suitable transmission performance. Although in the document 
1 some guidelines about a lens design to improve 
distribution of dioptric power are explained, guidelines 
concerning a lens design for improving astigmatism which 
has a great effect on optical performance of the lens are 
not discussed at all. From a distribution map of 
transmission astigmatism indicated in the document 1, it is 
understood that a sufficiently wide clear vision area is 
not achieved. 

[0025] Each of progressive power lenses disclosed in the 
documents 2 and 3 belongs to a certain progressive power 
lens family which is designed to have constant optical 
performance even if a base curve of the lens changes 
according to spherical refractive power required by the 
wearer. 

[0026] Although the progressive power lens in each of 
the documents 2 and 3 is designed to primarily achieve an 
improvement in optical performance within the distance 
portion and uniformity of a series of progressive power 
lenses, concrete suggestion with regard to a lens design 
for improving distribution of astigmatism of the whole lens 
is not discussed at all. In addition, in the documents 2 
and 3, to match a base curve of a left lens to that of a 
right lens so as to improve aesthetic appearance of the 
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spectacles is not discussed at all. 

[0027] A manufacturing method disclosed in the document 
4 achieves a progressive power lens having a certain 
spherical refractive power within the distance portion for 
a plurality of kinds of base curves. Further, according to 
the manufacturing method of document 4, deterioration of 
optical performance of each lens can be reduced to a 
minimum when an identical base curve is adopted by right 
and left lenses having different dioptric power. However, 
the optimization of optical performance of the lens 
discussed in the document 4 only relates to reducing 
aberration of each lens. To equate distribution of 
transmission aberrations of a plurality of lenses having 
different base curves is not discussed in the document 4 at 
all. 

[0028] Advantages of achieving uniform distribution of 
transmission aberrations for lenses having different base 
curves and/ or different spherical refractive power within 
the distance portions are as follows. 

[0029] One of the advantages is that the wearer can have 
natural view without having different visions through right 
and left lenses even if base curves of the right and left 
lenses axe designed to be equal to each other to keep an 
appearance of the lens excellent in a condition where 
dioptric power in the right lens and the left lens are 
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different from each other. 

[0030] Further, if the distribution of transmission 
aberration can be kept substantially constant among the 
lenses having different spherical dioptric power, to equate 
base curves of the lenses can be attained within wide range 
of the lenses. Consequently, the range of choices of the 
lenses for the wearer may be extended. However, a 
progressive power lens family having a uniform aberration 
balance for different base curves and for different 
spherical dioptric power has not been provided. 

Summary of the Invention 

[0031] The present invention is advantageous in that it 
provides a spectacle lens which is configured to have 
substantially wide vision while transmission astigmatism of 
the lens is reduced sufficiently. 

[0032] According to an aspect of the present invention, 
there is provided a progressive power lens belonging to a 
series of progressive power lenses which is designed such 
that lenses belonging to the series of progressive power 
lenses have substantially the same basic specification and 
the lenses belonging to the series of progressive power 
lenses have different base curves, the progressive power 
lens having a front surface and a rear surface. Further, at 
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least one of the front and rear surfaces includes : a 
distance portion having refractive power for distance 
vision; a near portion having refractive power for near 
vision; and a middle portion in which refractive power 
continuously changes to connect the refractive power of the 
distance portion and the refractive power of the near 
portion. In this configuration, if a first lens and a 
second lens randomly chosen from the series of progressive 
power lenses have a common spherical refractive power Sph 
[diopter] at distance reference points thereof, and a base 
curve BCx of the first lens is smaller than a base curve 
BC 2 of the second lens, the first and second lenses satisfy 
conditions (1) and (2): 

Wds(BC l9 Sph) Wds (BC 27 Sph) 
Wns(BC l9 Sph) Wns(BC 2 ,Sph) 
Wdt(BC l9 Sph) < Wdt{BC 2i Sph) K ) 

Wnt(BC l9 Sph) Wnt(BC 2 ,Sph) 

Wds (BC 19 Sph) Wds (BC 2 ,Sph) 
Wns(BC 19 Sph) ^ Wns(BC 2 ,Sph) 
Wdt (BC^Sph) > Wdt (BC 2 ,Sph) 1 } 

Wnt(BC„Sph) Wnt(BC 2 ,Sph) 

where the condition (1) holds when the Sph is greater than 
or equal to +1, and the condition (2) holds when the Sph is 
smaller than or equal to -1. In the above conditions, Wdt 
represents a width of an area in which transmission 
astigmatism is less than or equal to one-half of additional 
dioptric power AD [diopter] which is defined as a 
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difference of the refractive power at a distance reference 
point and the refractive power at a near reference point, 
Wdt being measured in a horizontal direction at a point in 
the distance portion shifted upward in a vertical direction 
by a certain distance from a geometrical origin of the 
progressive power lens, Wnt represents a width of an area 
in which transmission astigmatism is less than or equal to 
one— half of the AD, Wnt being measured in the horizontal 
direction at a point in the near portion shifted downward 
in the vertical direction by a certain distance from the 
geometrical origin, Wds represents a width of an area in 
which surface astigmatism is less than or equal to one— half 
of the AD, Wds being measured in the horizontal direction 
at a point in the distance portion shifted upward in the 
vertical direction by a certain distance from the 
geometrical origin, Wns represents a width of an area in 
which surface astigmatism is less than or equal to one— half 
of the AD, Wns being measured in the horizontal direction 
at a point in the near portion shifted downward in the 
vertical direction by a certain distance from the 
geometrical origin. 

[0033] By designing the progressive power lens to 
satisfy relationship (i.e., conditions (1) and (2)) among 
the surface astigmatism and the transmission astigmatism 
within the distance portion and the near portion, 
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transmission astigmatism can be kept at low level and the 
clear vision area (i.e., an actual vision of the wearer) 
can be kept wide. To keep excellent aesthetic appearance, a 
plurality of base curves are provided with respect to a 
certain dioptric power of the distance portion. Further, a 
series of progressive power lenses having a unified 
aberration balance in transmission performance can be 
provided. 

[0034] According to the progressive power lens belonging 
to the series of progressive power lenses, by equating 
aberration balances of a right lens and a left lens , 
spectacles whose vision through the left lens and vision 
through the right lens are substantially equal to each 
other can be provided. In each of the documents (l)-(4), 
quantitative conditions about relationship between surface 
astigmatism and transmission astigmatism are not discussed 
at all. Therefore, it is Impossible to accomplish the 
series of progressive power lenses having the unified 
aberration balance based on the documents (l)-(4). 
[0035] The basic specification Includes, for example, 
the spherical refractive power for the distance portion Sph 
[unit: D (diopter)], the additional refractive power AD 
[unit: D] , and the length of the progressive area [unit: 
mm] . 

[0036] Optionally, when the Sph is greater than or equal 
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to +1, the first and second lenses may satisfy a condition: 

Wds (BC l9 Sph) Wds(BC 2 ,Sph) 
Wns(BC x ,Sph) Whs(BC 2 ,Sph) 

Wdt(BC 19 Sph) < Wdt(BC 2 ,Sph) < -W- 
Wnt(BC ly Sph) Wnt(BC 2 ,Sph) 

[0037] Optionally, when the Sph is smaller than or equal 
to -1, the first and second lenses may satisfy a condition: 

Wds (BC l7 Sph) Wds (BC 2 ,Sph) 
Wns(BC,,Sph) Wns(BC 2 ,Sph) 

Wdt (BC^Sph) > Wdt(BC 2 ,Sph) > 7* C } ' 

Wnt (BC^Sph) Wnt(BC 2 ,Sph) 

[0038] The progressive power lens satisfying the 
condition (3) or (4) has a suitable optical performance as 
a progressive power lens for middle/short distances. 
[0039] According to another aspect of the present 
invention, there is provided a progressive power lens 
belonging to a series of progressive power lenses which is 
designed such that lenses belonging to the series of 
progressive power lenses have substantially the same basic 
specification and the lenses belonging to the series of 
progressive power lenses have different base curves, the 
progressive power lens having a front surface and a rear 
surface. Further, at least one of the front and rear 
surfaces Includes a distance portion having refractive 
power for distance vision, a near portion having refractive 
power for near vision, and a middle portion in which 
refractive power continuously changes to connect the 
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r tractive power of the distance portion and the refractive 
power of the near portion. In this configuration, if a 
first lens and a second lens randomly chosen from the 
series of progressive power lenses have a common spherical 
refractive power Sph [diopter] at distance reference points 
thereof, and a base curve BC L of the first lens is smaller 
than a base curve BC 2 of the second lens, the first and 
second lenses satisfy conditions (5) and (6): 

Wds(BC l7 Sph) ^ Wds(BC 2 ,Sph) g 
Wns(BC v Sph) Wns(BC 2 ,Sph) < 

Wds(BC l9 Sph) > Wds(BC 2 ,Sph) > 
Wns(BC v Sph) Wns(BC 2 ,Sph) K } 

where the condition (5) holds when the Sph is greater than 
or equal to +1, and the condition (6) holds when the Sph is 
smaller than or equal to -1. 

[0040] By thus determining the placement of the surface 
astigmatism in the distance portion and in the near portion, 
transmission astigmatism can be kept at low level and the 
clear vision area can be kept wide. To keep excellent 
aesthetic appearance, a plurality of base curves are 
provided with respect to a certain dioptric power of the 
distance portion. Further, a series of progressive power 
lenses having a unified aberration balance in transmission 
performance can be provided. 

[0041] According to another aspect of the present 
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invention, there is provided a progressive power lens 
belonging to a series of progressive power lenses which is 
designed such that lenses belonging to the series of 
progressive power lenses have substantially the same basic 
specification and the lenses belonging to the series of 
progressive power lenses have different base curves, the 
progressive power lens having a front surface and a rear 
surface. Further, at least one of the front and rear 
surfaces includes a distance portion having refractive 
power for distance vision, a near portion having refractive 
power for near vision, and a middle portion in which 
refractive power continuously changes to connect the 
refractive power of the distance portion and the refractive 
power of the near portion. In this configuration, a first 
lens and a second lens randomly chosen from the series of 
progressive power lenses satisfy a condition if BCi*BC 2 or 
Sph!^Sph 2 : 

WdtjBC^Sph^ Wdt(BC 29 Sph 2 ) 



*1 -(7) 



Wnt(BC x , Sphy ) Wnt (BC 2 , Sph 2 ) 

where BCi and BC 2 respectively represent base curves of the 
first and second lenses, Sphi and Sph 2 respectively 
represent spherical refractive power of the first and the 
second lenses at distance reference points thereof. 
[0042] By thus determining distribution of transmission 
astigmatism in the distance portion and the near portion, 
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transmission astigmatism can be kept at low level and the 
clear vision area can be kept wide. Further, a series of 
progressive power lenses having a unified aberration 
balance in transmission performance can be provided even if 
the base curve is changed to keep a good appearance of the 
lens and/or even if the spherical refractive power for the 
distance portion is changed in accordance with the lens 
specification. 

[0043] Optionally, the first and second lenses may 
satisfy a condition: 

Wdt{BC x , Sph f ) Wdt(BC 2 ,Sph f ) 



si 



(8) 



Wnt(BC x , Sph f ) Wnt(BC 2 , Sph f ) 

where BCi*BC 2 , and both of Sphi and Sph 2 take a certain 
value Sphf ( Sph!=Sph 2 =Sph f ) . 

[0044] Still optionally, if the Sph f is less than 0, the 
first and second lenses may satisfy a condition: 

Wdt{BC x ,Sph f ) Wdt(BC 2 ,Sph f ) 



s0.5 



(9). 



Wnt{BC x ,Sph f ) Wnt(BC 2 ,Sph f ) 

[0045] Optionally, when the condition (7) is satisfied, 
if both of BCi and BC 2 take a certain value BC f (BCi=BC 2 =BC f ) 
and Sphi*Sph 2 , the first and second lenses may satisfy a 
condition: 



Wdt(BC f , Sph x ) Wdt(BC n Sph 2 ) 



si 



(10) 



Wnt(BC f ,Sph x ) Wnt(BC f ,Sph 2 ) 
[0046] With regard to the above mentioned progressive 
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power lens satisfying one of the conditions (1)-(10), it is 
preferable that a length of the middle portion in a 
vertical direction is greater than or equal to 15 mm and 
less than or equal to 30 mm. 

[0047] By making the length of the middle portion (i.e., 
the progressive area) more than or equal to 15 mm, the 
clear vision area in the middle portion can be kept wide, 
and occurrence of astigmatism in side areas of the middle 
portion (i.e., in a left area and a right area of the lens) 
can be suppressed. Further, by making the length of the 
progressive area less than or equal to 30 mm, angle of 
rotating movement of eyes can be kept small when the line 
of sight is changed from a distant position to a near 
position and therefore the burden on the wearer's eyes can 
be reduced. Consequently, the progressive power lens which 
produces little swinging and distortion of images and which 
does not produce tiredness of eyes can be provided. 
[0048] In a particular case, the distance portion, the 
near portion and the middle portion (i.e., a progressive 
power surface) may be formed on the rear surface. The rear 
surface is an eye side surface of the lens. Since the 
progressive surface is formed on the rear surface, only 
spherical surface processing is required to form the front 
surface. In this case, it is not required to prepare a 
plurality of kinds of molds for the front surface with 
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respect to a plurality of kinds of additional refractive 
power and/or the length of the progressive area. 
Consequently, manufacturing cost of the progressive power 
lens is reduced considerably. 

[0049] In a particular case, each of the points at which 
' Wdt and Wds are measured may substantially coincide with a 
distance reference point, and each of the points at which 
Wnt and Wns are measured may substantially coincide with a 
near reference point . 

[0050] In a particular case, each of the certain 
distances at which Wdt, Wnt, Wds and Wns are measured may 
be 15 mm. 

[0051] According to another aspect of the present 
invention, there is provided a progressive power lens for 
middle/short distances having a front surface and a rear 
surface, at least one of the front and rear surfaces 
including a distance portion having refractive power for 
distance vision, a near portion having refractive power for 
near vision, and a middle portion in which refractive power 
continuously changes to connect the refractive power of the 
distance portion and the refractive power of the near 
portion. In this configuration, the progressive power lens 
satisfies a condition: 

0.8< — <2.0 -(11). 
Wnt V 
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[0052] 



By thus determining distribution of transmission 



astigmatism in the distance portion and the near portion, 
transmission astigmatism can be kept at low level and the 
clear vision area can be kept wide. Consequently, a 
progressive power lens for middle /short distances which 
enables the wearer to obtain an excellent wearing comfort 
particularly in office work is accomplished, 
[0053] According to another aspect of the present 1 
invention, there is provided a progressive power lens for 
short distance having a front surface and a rear surface, 
at least one of the front and rear surfaces including a 
distance portion having refractive power for distance 
vision, a near portion having refractive power for near 
vision, and a middle portion in which refractive power 
continuously changes to connect the refractive power of the 
distance portion and the refractive power of the near 
portion. In this configuration, the progressive power lens 
satisfied a condition: 



0.2 < 



Wdt 

<1.0 

Wnt 



■(12). 



[0054] 



With this configuration, a progressive power lens 



for middle/short distances and a progressive power lens for 



short distance specifically targeted for the near vision 



can be accomplished. 



[0055] 



With regard to the progressive power lens 
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satisfying the condition (11) or (12) , it is preferable 
that a length of the middle portion in a vertical direction 
is greater than or equal to 15 mm and less than or equal to 
30 mm. By making the length of the middle portion (i.e., 
the progressive area) more than or equal to 15 mm, the 
clear vision area in the middle portion can be kept wide, 
and occurrence of astigmatism in side areas of the middle 
portion (i.e., in a left area and a right area of the lens) 
can be suppressed. Further, by making the length of the 
progressive area less than or equal to 30 mm, angle of 
rotating movement of eyes can be kept small when the line 
of sight is changed from a distant position to a near 
position and therefore the burden on the wearer's eyes can 
be reduced. Consequently, the progressive power lens which 
produces little swinging and distortion of images and which 
does not produce tiredness of eyes can be provided. 
[0056] In a particular case, the distance portion, the 
near portion and the middle portion may be formed on the 
rear surface. 

£0057] In a particular case, each of the certain 
distances at which Wdt and Wnt are measured may be 15 mm. 

Brief Description of the Accompanying Drawings 

[0058] Fig. 1A shows distribution of transmission 
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astigmatism of a progressive power lens according to a firt 
embodiment of the present invention; 
[0059] Fig. IB shows distribution of average 
transmission refractive power of the progressive power 
lens ; 

[0060] Fig. 2A shows distribution of surface astigmatism 
of the progressive power lens; 

[0061] Fig. 2B shows distribution of average surface 
refractive power of the progressive power lens; 
[0062] Fig. 3 illustrates various types of physical 
quantities which characterize the transmission performance 
of the progressive power lens; 

[0063] Fig. 4 illustrates various types of physical 
quantities which characterize surface performance of the 
progressive power lens; 

[0064] Fig. 5 shows transmission performance and surface 
performance of several lenses of a series of lenses 
according to the first embodiment; 

[0065] Fig. 6 is a graph illustrating variation of 
(Wds/Wns)/(Wdt/Wnt) with respect to variation of a base 
curve when spherical refractive power for the distance 
portion Sph has a plus value; 

[0066] Fig. 7 is a graph illustrating variation of 
Wds/Wns with respect to variation of the base curve when 
the spherical refractive power for the distance portion Sph 
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has a plus value; 

[0067] Fig. 8 shows transmission performance and surface 
performance of several lenses of the series of lenses 
according to the first embodiment; 

[0068] Fig- 9 is a graph illustrating variation of 
(Wds/Wns)/(Wdt/Wnt) with respect to variation of the base 
curve when the spherical refractive power for the distance 
portion Sph has a minus value; 

[0069] Fig. 10 is a graph illustrating variation of 
Wds/Wns with respect to variation of the base curve when 
the spherical refractive power for the distance portion Sph 
has a minus value; 

[0070] Fig. 11 shows transmission performance and 

surface performance of several lenses of the series of 

lenses according to the first embodiment; 

[0071] Fig. 12 is a graph illustrating variation of 

Wdt/Wnt with respect to variation of the base curve; 

[0072] Fig. 13A shows distribution of transmission 

astigmatism of a progressive power lens according to a 

second embodiment of the Invention; 

[0073] Fig. 13B shows distribution of average 

transmission refractive power of the progressive power 

lens; 

[0074] Fig. 14A shows distribution of surface 
astigmatism of the progressive power lens; 



24 



03-10-16; 5 : 1 3 PM ; MAT SUOKA &. Co. 



GreertDlui)i&,Bern;ui : 04 2 3 7 2 68 58 



t$ 27/ 74 



[0075] Fig. 14B. shows distribution of average surface 
refractive power of the progressive power lens 20; 
[0076] Fig. 15 shows transmission performance of several 
lenses of the series of lenses according to the second 
embodiment ; 

[0077] Fig. 16 is a graph illustrating variation of 
Wdt/Wnt with respect to variation of the base curve; 
[0078] Fig. 17A shows distribution of transmission 
astigmatism of a progressive power lens which is a 
comparative example with respect to the progressive power 
lens of the first embodiment; 

[0079] Fig. 17B shows distribution of average 
transmission refractive power of the progressive power lens 
according to the comparative example; 
[0080] Fig. 18A shows distribution of surface 
astigmatism of the progressive power lens according to the 
comparative example; and 

[0081] Fig. 18B shows distribution of average surface 
refractive power of the progressive power lens according to 
the comparative example. 

Detailed Description of the Embodiments 

[0082] Hereinafter, embodiments according to the 
invention are described with reference to the accompanying 
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drawings . 

[0083] FIRST EMBODIMENT 

[0084] Figs. 1A and IB show transmission performance of 
a progressive power lens 10 according to a first embodiment 
of the invention. Fig. 1A shows distribution of 
transmission astigmatism of the progressive power lens 10. 
Fig. IB shows distribution of average transmission 
refractive power of the progressive power lens 10. In each 
of Figs. 1A and IB (and in each of the following 
distribution maps), an interval between adjacent contour 
lines corresponds to 0.5 (unit: D) . The progressive 
spectacle lens 10 has a diameter of 60 mm. 
[0085] Figs. 2A and 2B show surface performance of the 
progressive power lens 10. Figs. 2A and 2B respectively 
show distribution of surface astigmatism and distribution 
of average surface refractive power of the progressive 
power lens 10. 

[0086] The transmission performance shown in Figs. 1A 
and IB is a target optical performance of a series of 
progressive power lenses according to the first embodiment 
of the invention. The series of progressive power lenses is 
designed to attain the transmission performance shown in 
Figs. 1A and IB. 

[0087] The progressive power lens 10 , a so-called 



26 



-16; 5 : 1 3 PM : MATS UOKA &. Co. 



Greenblum&Bernstei ; 0423726858 



progressive power lens for middle/short distances, has 
spherical refractive power for the distance portion Sph of 
0.0 [D : Diopter] , additional dioptric power AD of 2.0 [D], 
and a base curve BC of 3.21 [D] . A progressive area of the 
lens 10 starts at a point shifted upward by 11 mm from a 
geometrical origin point O, extends downward, and ends at a 
point shifted downward by 8 mm from the origin point. That 
is, the length of the progressive area (i.e., a vertical 
size of a middle portion) is 19 mm. 

[0088] Fig. 3 illustrates various types of physical 
quantities which characterize the transmission performance 
of a progressive power lens according to embodiments of the 
invention. Fig. 4 illustrates various types of physical 
quantities which characterize surface performance of a 
progressive power lens according to embodiments of the 
invention. 

[0089] In each of Figs. 3 and 4, an axis X and an axis Y 
pass through the origin point O and are perpendicular to 
each other. A direction of the axis X substantially 
coincides with a horizontal direction, and a direction of 
the axis Y substantially coincides with a vertical 
direction. As shown in Figs. 3 and 4, main meridian GL is 
shifted to a nose side within the middle portion and a near 
portion. 

[0090] In Fig. 3, two curved lines ALt and ALt are 
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contour lines each of which indicates the transmission 
astigmatism having a value of one-half of the additional 
dioptric power. Wdt (unitzmm) represents a width between 
the lines ALt and ALt at a position shifted upward in the 
vertical direction by DL (unit: mm) from the axis X. Wnt 
(unit:mm) represents a width between the lines ALt and ALt 
at a position shifted downward in the vertical direction by 
NL (unit: mm) from the axis X. Hereafter, an area between 
the two lines ALt and ALt is defined as a clear vision area. 
[0091] In Fig. 4, two curved lines ALs and ALs are 
contour lines each of which indicates the surface 
astigmatism having a value of one-half of the additional 
dioptric power. Wds (unit:mm) represents a width between 
the lines ALs and ALs at a position shifted upward along 
the axis Y by DL (unit: mm) from the origin point O. Wns 
(unit:mm) represents a width between the lines ALt and ALt 
at a position shifted downward along the axis Y by NL 
(unittmm) from the origin point O. 

[0092] DL is substantially equal to a distance from the 
axis X to a measurement point at which dioptric power of 
the distance portion is measured. NL is substantially equal 
to a distance from the axis X to a measurement point at 
which dioptric power of the near portion is measured. In 
this embodiment, Wdt and Wds represent widths in the 
horizontal direction between the lines ALt and ALt and the 



28 



03-10-16: 5 : 1 3 PM : MATSUOKA S. Co. 



Greenblum&Bernstei ; 0423726858 



# 3 1/ 7 4 



lines ALs and ALs within the distance portion, respectively. 
Also, Wnt and Wns represent widths in the horizontal 
direction between the lines ALt and ALt and the lines ALs 
and ALs within the near portion, respectively. 
[0093] If DL and NL are set to 15 mm, respectively, the 
following features about the widths (Wdt, Wnt, Wds and Wns) 
are derived in regard to distribution of transmission 
astigmatism and distribution of surface astigmatism. 
[0094] In order to explain the feature of the series of 
the lenses designed in accordance with the optical 
performance of the progressive power lens 10, two lenses (a 
first lens and a second lens) are chosen from the series of 
the lenses on a random basis. Then, relation between a 
ratio of Wdt to Wnt and a ratio of Wds to Wns is checked. 
[0095] In a case where the first and second lenses 
randomly selected from the series of the lenses have a 
certain spherical refractive power for the distance portion 
Sph and the base curve of each of the first and second 
lenses varies, the first and the second lenses satisfy the 
following conditions (1) and (2). The condition (1) holds 
while the spherical refractive power for the distance 
portion Sph is greater than or equal to +1. The condition 
(2) holds while the spherical refractive power for the 
distance portion Sph is less than or equal to -1. 
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Wds(BC l ,Sph) Wds(BC 2 ,Sph) 
Wns(BC 17 Sph) Wns(BC 2 ,Sph) 
Wdt (BC^ Sph) K Wdt(BC 2 ,Sph) 
Wnt (SC, , Sph ) Wnt (BC 2 ,Sph) 



Wds (BC ,,Sph) Wds (BC 2 ,Sph) 
Wns (BC^Sph) Wns (BC 2 ,Sph) 
Wdt (BC lt Sph) > Wdt (BC 2 ,Sph) 
Wnt (BC x ,Sph) Wnt (BC 2 ,Sph) 

In the above conditions (and in the following conditions ) , 
BCi and BC 2 represent base curves of the first and second 
lenses, respectively. In addition, in the above conditions 
(1) and (2), BC 2 is greater than BC X (BCi < BC 2 ) . 
[0096] If relatively thin lenses are selected as the 
first and second lenses , the first and second lenses 
satisfy the following conditions (3) and (4). The condition 
(3) holds while the spherical refractive power for the 
distance portion Sph is greater than or equal to +1. The 
condition (4) holds while the spherical refractive power 
for the distance portion Sph is less than or equal to -1. 



Wds (BC^Sph) Wds (BC 2 , Sph ) 
Wns (BC,, Sph) Wns (BC 2 ,Sph) 
Wdt (BC„Sph) < Wdt (BC 2 ,Sph) K 
Wnt(BC„Sph) Wnt(BC 2 ,Sph) 



- (1) 



- (2) 
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Wds (BC l3 Sph) Wds (BC 2 ,Sph) 
Whs(BC l9 Sph) Wns(BC 2i Sph) ? 

FKfr qbc,,^*) > wdt (bc 2 ,s P h) > " { : ) 

Wnt{BC l9 Sph) Wnt (BC 2 ,Sph) 



[0097] Next, the surface performance of the series of 
lenses of the first embodiment will be considered. In a 
case where the first and second lenses randomly selected 
from the series of lenses have a certain spherical 
refractive power for the distance portion Sph and the base 
curve of each of the first and second lenses varies, the 
first and the second lenses satisfy the following 
conditions (5) and (6). The condition (5) holds while the 
spherical refractive power for the distance portion Sph is 
greater than or equal to +1. The condition (6) holds while 
the spherical refractive power for the distance portion Sph 
is less than or equal to -1. 

Wds(BC 19 Sph) Wds(BC 2 ,Sph) ^ ^ 
Wns(BC l9 Sph) < Wns(BC 2 ,Sph) < 

Wds(BC l9 Sph) ^ Wds(BC 2 ,Sph) ^ 1 
Wns(BC 11 Sph) > Wns(BC 29 Sph) > 

In the above conditions (5) and (6), BCi is smaller than 
BC 2 (BCi < BC 2 ) . 

[0098] By designing the series of lenses so that the 
first and second lenses randomly selected from the series 
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of lenses satisfy the conditions (5) and (6), transmission 
performance is enhanced without deterioration of the 
aesthetic appearance of the lens and spectacle lenses 
having a unified aberration balance can be attained. 
[0099] Next, the transmission performance of the first 
and second lenses randomly selected from the series of 
lenses of the first embodiment will be considered. In a 
case where at least one of the spherical refractive power 
for the distance portion and the base curve of each of the 
first and second lenses varies, the first and second lenses 
satisfy the following condition (7). 



Wdt{BC^Sp\) Wdt(BC 2 ,Sph 2 ) 



WntiBC^Sph,) Wnt(BC 29 Sph 2 ) 



*1 -(7) 



[0100] In a case where the first and second lenses have 
a certain spherical refractive power for the distance 
portion Sph f and the base curve of each of the first and 
second lenses varies, the first and second lenses satisfy 
the following condition (8). 



Wdt(BC x , Sph f ) Wdt(BC 2 , Sph f ) 



Wnt(BC iy Sph f ) Wnt(BC 2 ,Sph f ) 



*1 "(8) 



[0101] When the first and second lenses satisfy the 
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condition (8), if Sph f has a minus value, the first and 
second lenses further satisfy the following condition (9) 



Wdt(BC l9 Sph f ) Wdt(BC 29 Sph f ) 



Wnt (BC, ,Sph f ) Writ (BC 2 , Sph f ) 



*0.5 "(9) 



[0102] In a case where the first and second lenses 
randomly selected from the series of lenses have a certain 
base curve BC f and the spherical refractive power for the 
distance portion of each of the first and second lenses 
varies, the first and second lenses satisfy the following 
condition (10) . 



Wdt (BC f , Sph x ) Wdt(BC f , Sph 2 ) 



Wnt(BC f ,Sph x ) Wnt{BC f ,Sph 2 ) 



si -(10) 



[0103] The width of the clear vision area can be 
adjusted in accordance with a specification of the 
spectacle lens by designing the series of lenses of the 
first embodiment to satisfy one of the above conditions 
(8) -(10),. Consequently, excellent optical performance in a 
condition where the spectacles lens is worn is attained, 
and the lens having excellent aesthetic appearance is 
attained. 

[0104] The feature about a single progressive power lens 
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according to the embodiment will be considered. A 
progressive power lens which belongs to the series of 
lenses of the first embodiment satisfies a condition (11). 

0.8< — <2.0 --.(11) 
Writ ' 

[0105] The progressive power lens whose widths of the 
clear vision areas in the distance portion and in the near 
portion satisfy the condition (11) is a progressive power 
lens for middle/ short distances having excellent 
transmission perf ormance . The wearer who wears such a 
progressive power lens for middle/short distances can 
obtain an excellent wearing comfort particularly in office 
work. 

[0106] Fig. 5 shows transmission performance and surface 
performance of several lenses of the series of lenses 
according to the first embodiment. More specifically, in 
Fig. 5, distribution of transmission astigmatism, 
distribution of average transmission refractive power, 
distribution of surface astigmatism and distribution of 
average surface refractive power are indicated for each of 
the several lenses. Each of the lenses shown in Fig. 5 has 
a common spherical refractive power Sph of +2.00 [D] , and 
additional dioptric power of 2.0 [D] . The base curves of 
the lenses listed in Fig. 5 vertically in order of 
increasing base curve are 2.43, 3.21, 4.16, 4.78, 5.69 and 
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6.48 [D], respectively. 

[0107] Fig. 6 is a graph illustrating variation of 
(Wds/Wns)/(Wdt/Wnt) with respect to variation of the base 
curve when the spherical refractive power for the distance 
portion Sph has a plus value. Fig. 7 is a graph 
illustrating variation of Wds/Wns with respect to variation 
of the base curve when the spherical refractive power for 
the distance portion Sph has a plus value. 
[0108] As can be seen from Fig. 5, even if the base 
curve varies, distribution of transmission astigmatism 
exhibits substantially the same distribution. Since all of 
the lenses shown in Fig. 5 (i.e. , the series of lenses of 
the first embodiment) have substantially the same 
aberration distribution, the series of lenses has excellent 
optical performance. 

[0109] As can be seen from Fig. 6, the series of lenses 
satisfy the condition (1) . In addition, the series of 
lenses satisfy the condition (3). 

[0110] As can be seen from Fig. 7, the series of lenses 
satisfy the condition (5) if the Sph is +4.00. 
[0111] Fig. 8 shows transmission performance and surface 
performance of several lenses of the series of lenses 
according to the first embodiment. More specifically, in 
Fig. 8, distribution of transmission astigmatism, 
distribution of average transmission refractive power. 
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distribution of surface astigmatism and distribution of 
average surface refractive power are indicated for each of 
the several lenses. Each of the lenses shown in Fig. 8 has 
a common spherical refractive power Sph of -2.00 [D], and 
additional dioptric power of 2.0 [D]. The base curves of 
the lenses listed in Fig. 8 vertically in order of 
increasing base curve are 1.62 , 2.43, 3.21, 4.16, 4.78, and 
5.69 [D], respectively. 

[0112] Fig. 9 is a graph illustrating variation of 
(Wds/Wns)/(Wdt/Wnt) with respect to variation of the base 
curve when the spherical refractive power for the distance 
portion Sph has a minus value. Fig. 10 is a graph 
illustrating variation of Wds/Wns with respect to variation 
of the base curve when the spherical refractive power for 
the distance portion Sph has a minus value . 
[0113] As can be seen from Fig. 8, even if the base 
curve varies, distribution of transmission astigmatism 
exhibits substantially the same distribution. Since all of 
the lenses shown in Fig. 8 (i.e., the series of lenses of 
the first embodiment) have substantially the same 
aberration distribution, the series of lenses has excellent 
optical performance. 

[0114] As can be seen from Fig. 9, the series of lenses 
satisfy the condition (2). In addition, if the Sph is -2.00 
or -4.00, the series of lenses satisfy the condition (4). 
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[0115] As can be seen from Fig. 10, the series of lenses 
satisfy the condition (6) if the Sph is -2.00 or -4.00. 
[0116] Fig. 11 shows transmission performance and 
surface performance of several lenses of the series of 
lenses according to the first embodiment. More specifically, 
in Fig. 11, distribution of transmission astigmatism, 
distribution of average transmission refractive power, 
distribution of surface astigmatism and distribution of 
average surface refractive power are indicated for each of 
the several lenses. Each of the lenses shown in Fig. 11 has 
a common base curve of 4.16 [D] , and additional dioptric 
power of 2.0 [D] . The spherical refractive power for the 
distance portion Sph of the lenses listed in Fig. 8 
vertically in order of increasing power are -4.00, -2.00, 
0.00, +2.00 and +4.00 [D], respectively. 
[0117] Fig. 12 is a graph illustrating variation of 
Wdt/Wnt with respect to variation of the base curve. 
[0118] As can be seen from Figs. 11 and 12,, even if the 
spherical refractive power for the distance portion varies 
and even if the base curve varies , distribution of 
transmission astigmatism exhibits substantially the same 
distribution. Since all of the lenses shown in Fig. 11 
(i.e., the series of lenses of the first embodiment) have 
substantially the same aberration distribution, the series 
of lenses has excellent optical performance. 
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[0119] As can be seen from Fig. 12, the series of lenses 
satisfy the conditions (7) - (11). 

[0120] SECOND EMBODIMENT 

[0121] Figs. 13A and 13B respectively show distribution 
of transmission astigmatism and distribution of average 
transmission refractive power of a progressive power lens 
20 according to a second embodiment of the invention. In 
each of Figs. 13A and 13B (and in each of the following 
distribution maps), an interval between adjacent contour 
lines corresponds to 0.5 (unit: D). The progressive power 
lens 20 has a diameter of 60 mm. 

[0122] Figs. 14A and 14B respectively show distribution 
of surface astigmatism and distribution of average surface 
refractive power of the progressive power lens 20. 
[0123] The transmission performance shown in Figs. 13A 
and 13B is a target optical performance of a series of 
progressive power lenses according to the second embodiment 
of the invention. The series of progressive power lenses is 
designed to attain the transmission performance shown in 
Figs. 13A and 13B. 

[0124] The progressive power lens 20, a so-called 
progressive power lens for short distance, has spherical 
refractive power Sph of 0.0 [D] , additional dioptric power 
AD of 2.0 [D] , and a base curve BC of 4.16 [D] . A 
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progressive area of the lens 20 starts at a point shifted 
upward by 11 ram from a geometrical origin point, extends 
downward, and ends at a point shifted downward by 8 mm from 
the origin point. That is, the length of the progressive 
area (i.e., a middle portion) is 19 mm. 
[0125] The progressive power lens 20 principally 
targeted for the near vision satisfies a condition (12). 

0.2 < — <1.0 -(12) 
Wnt 

[0126] The progressive power lens whose widths of the 
clear vision areas in the distance portion and in the near 
portion satisfy the condition (12) is a progressive power 
lens for short distance having excellent transmission 
performance. The wearer who wears such a progressive power 
lens for short distance can obtain an excellent wearing 
comfort particularly in viewing objects at short distances . 
[0127] Fig. 15 shows transmission performance of several 
lenses of the series of lenses according to the second 
embodiment. More specif ically, in Fig. 15, distribution of 
transmission astigmatism and distribution of average 
transmission refractive power are indicated for each of the 
several lenses. The progressive power lenses shown in Fig. 
15 have a common spherical refractive power for the 
distance portion, and the base curves of the lenses are 
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different from each other. 

[0128] Each of the lenses shown in Fig. 15 has the 
spherical refractive power for the distance portion Sph of 
-2.0 [D], and additional dioptric power of 2.0 [D] . The 
base curves of the lenses listed in Fig. 15 vertically in 
order of increasing base curve are 2.43, 3.21, 4.16 and 
4.78 [D], respectively. Each of the lenses shown in Fig. 15 
has a progressive area starts at a point shifted upward by 
11 mm from a geometrical origin point O, extends downward, 
and ends at a point shifted downward by 8 mm from the 
origin point. 

[0129] Fig. 16 is a graph illustrating variation of 
Wdt/Wnt with respect to variation of the base curve. 
[0130] As can be seen from Figs. 15 and 16, even if one 
of the spherical refractive power for the distance portion 
and the base curve varies or even if both of the spherical 
refractive power for the distance portion and the base 
curve vary, distribution of transmission astigmatism 
exhibits substantially the same distribution. Since all of 
the lenses shown in Fig. 15 (i.e., the series of lenses of 
the second embodiment) have substantially the same 
aberration distribution, the series of lenses has excellent 
optical performance. 

[0131] As can be seen from Fig. 16, the series of 
progressive power lens according to the second embodiment 
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satisfy the condition (12). 
[0132] COMPARATIVE EXAMPLE 

[0133] Figs. 17A and 17B respectively show distribution 
of transmission astigmatism and distribution of average 
transmission refractive power of a progressive power lens 
30 which is a comparative example with respect to the 
progressive power lens 10. Figs. 18A and 18B respectively 
show distribution of surface astigmatism and distribution 
of average surface refractive power of the progressive 
power lens 30. 

[0134] Similarly to the progressive power lens 10 , the 
progressive power lens 30 has spherical refractive power 
Sph of 0.0 [D], additional dioptric power AD of 2.0. [D], 
and a base curve BC of 3.21 [D] . A progressive area of the 
lens 30 starts at a point shifted upward by 11 mm from a 
geometrical origin point 0, extends downward, and ends at a 
point shifted downward by 8 mm from the origin point. 
[0135] The astigmatism of the comparative example is 
optimized according to evaluation of the surface optical 
performance and is not optimized according to evaluation of 
the transmission optical perf ormance . As can be seen by 
comparison between Fig. 17 and Fig. 18, transmission 
performance and surface performance are different from each 
other considerably. For this reason, widths of the clear 
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vision areas in the distance portion and in the near 
portion are relatively narrow, and therefore wide filed of 
view can not be attained, 

[0136] On the contrary, the progressive power lens 10 
has wide clear vision areas both in the distance portion 
and the near portion, and therefore accomplishes high 
optical performance. 

[0137] Although the present invention has been described 
in considerable detail with reference to certain preferred 
embodiments thereof, other embodiments are possible. 
[0138] In order to attain a progressive power lens 
having both of an excellent aesthetic appearance and high 
optical performance , it is required that, transmission 
astigmatism is optimized and distribution of transmission 
astigmatism hardly changes even if the base curve and/or 
the spherical dioptric power changes. In this regard, 
according to the embodiments of the invention, both of the 
excellent aesthetic appearance and high optical performance 
are attained by controlling the widths of clear vision 
areas in regard to the surface astigmatism and the 
transmission astigmatism in accordance with to the above 
mentioned conditions. 

[0139] As described above, according to the embodiments 
of the invention, progressive power lenses having a unified 
aberration balance which is not affected even if the base 
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curve and the spherical refractive power for the distance 
portion are changed to keep the clear vision area (i.e., an 
actual vision of the wearer) wide and to keep the aesthetic 
appearance excellent . 

[0140] The present disclosure relates to the subject 
matter contained in Japanese Patent Application No. P2002- 
303134, filed on October 17, 2002, which is expressly 
Incorporated herein by reference in its entirety. 
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